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Abstract
Background: UK medical students and doctors from ethnic minorities underperform in
undergraduate and postgraduate examinations. Although it is assumed that white (W) and non-
white (NW) students enter medical school with similar qualifications, neither the qualifications of
NW students, nor their educational background have been looked at in detail. This study uses two
large-scale databases to examine the educational attainment of W and NW students.
Methods: Attainment at GCSE and A level, and selection for medical school in relation to
ethnicity, were analysed in two separate databases. The 10th cohort of the Youth Cohort Study
provided data on 13,698 students taking GCSEs in 1999 in England and Wales, and their subsequent
progression to A level. UCAS provided data for 1,484,650 applicants applying for admission to UK
universities and colleges in 2003, 2004 and 2005, of whom 52,557 applied to medical school, and
23,443 were accepted.
Results: NW students achieve lower grades at GCSE overall, although achievement at the highest
grades was similar to that of W students. NW students have higher educational aspirations, being
more likely to go on to take A levels, especially in science and particularly chemistry, despite
relatively lower achievement at GCSE. As a result, NW students perform less well at A level than
W students, and hence NW students applying to university also have lower A-level grades than W
students, both generally, and for medical school applicants. NW medical school entrants have
lower A level grades than W entrants, with an effect size of about -0.10.
Conclusion: The effect size for the difference between white and non-white medical school
entrants is about B0.10, which would mean that for a typical medical school examination there
might be about 5 NW failures for each 4 W failures. However, this effect can only explain a portion
of the overall effect size found in undergraduate and postgraduate examinations of about -0.32.
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In the UK there is a concern that medical students and
doctors from ethnic minorities underperform both in
undergraduate and postgraduate examinations. In this
paper we look firstly at a large population study of the
educational achievement of all UK sixteen year-olds (the
Youth Cohort Study), which reflects the pool from which
all future UK medical students will be drawn, and we
relate those results to a separate study based on data from
UCAS (Universities and Colleges Admissions Service),
looking at the educational qualifications of all university
applicants, some of whom applied to medical school, and
a proportion of whom were then accepted to study medi-
cine. The primary interest throughout is whether, where,
when and why ethnic minority students underperform
relative to white students, and the extent to which any dif-
ferences might explain the underperformance of medical
students from ethnic minorities.
Medical students in UK universities are ethnically diverse,
so that in recent years about 30% of home students (i.e.
those resident in the UK, with UK nationality) come from
ethnic minorities. That proportion has risen [1], surveys
by one of us finding that about 10% of 1981 entrants were
non-white, a figure which rose to 14% for those entering
in 1986, and 22% for those entering in 1991 [2-5]. Offi-
cial data from UCAS for 1996, 2001 and 2005, show that
30%, 33% and 30% of entrants for medicine and dentistry
were non-white. (It should be noted that the statistics pro-
vided at the UCAS website [6] do not allow a separate
analysis of medicine and dentistry in relation to ethnic
group. Based on the datafile described below, the propor-
tion of non-white entrants for medicine alone in 2005
was 31.2%, a value very similar to the UCAS figure for
medicine 29.7% for medicine and dentistry combined. In
the 2001 census, about 13% of those aged 15, 17% of
those aged 16–19 and 19% of those aged 20–24 were
from ethnic minorities, suggesting that ethnic minorities
are somewhat over-represented amongst medical students
compared with their proportion in the population as a
whole.
In 1995, controversy erupted in the UK because of a
higher failure rate in clinical examinations of non-white
students in the University of Manchester [7,8]. As a result
of that controversy, a re-analysis of data from the 1981
and 1986 cohorts found that amongst students taking
University of London final examinations, the non-white
students performed less well overall than did white stu-
dents, the difference being found in all types of examina-
tion (multiple-choice questions, essay, oral and clinical),
and in all the five main subjects (Medicine, Surgery,
Obstetrics and Gynaecology, Pathology and Pharmacol-
ogy) [9]. The reasons for the differences were not clear,
and could not be explained away in terms of a range of
background measures, be they demographic, educational
or psychometric.
In the past ten years, further data have accumulated on the
relatively poorer performance of UK non-white medical
students and doctors in undergraduate and postgraduate
examinations, non-whites performing less well in under-
graduate clinical examinations [9-11,11-14], as well as in
the postgraduate examinations of the Royal Colleges of
Physicians (the MRCP(UK) [15,16]), and the Royal Col-
lege of General Practitioners (MRCGP [17,18]).
The published studies comparing the undergraduate and
postgraduate performance of white and non-white medi-
cal students and doctors can be compared by calculating
d, a standard meta-analytic measure of effect size tech-
niques (see Method, below, for details). Effect sizes are a
standard statistical method for comparing disparate
results across studies, by converting all results to a stand-
ard scale similar to z scores. When there are two groups,
then the effect size is a measure of the distance apart of the
two means measured in standard deviation units. A con-
ventional interpretation of effect sizes, due to Cohen, is
that effect sizes of .2, .5 and .8 can be described as small,
medium and large [19]. Considering the published stud-
ies described above, the effect sizes were -.097 and -.283
[9], -.237, -.291, -.580 and -.273 [10], -.665 [12], -.579
[13], -.492 [14], and -.277, -.344 and -.391 [15]. We are
currently preparing a formal meta-analysis of these and
other unpublished data, but for present purposes it suf-
fices to say that the mean effect size found in these studies
is -.375, with a median of -.318. Viewing the data conserv-
atively, for the present paper we will use the median effect
size of -.32 as typical of published studies. Using Cohen's
terminology, it is between medium and small.
Although the problem of the underperformance of ethnic
minorities in medical education has been much dis-
cussed, the underperformance is not unique to medical
studies, Richardson in a recent analysis of HESA (Higher
Education Statistics Authority) data for graduates of UK
degree-giving bodies in 2005 [20], found a consistent
under-performance of non-white students, which for the
cohort aged 21–24 at graduation gave an odds ratio com-
paring the likelihood of NW students with W students
gaining > good degrees = (i.e. I or II.i) of 0.518, equivalent
to an effect size of B0.363, similar to the averaged effect
reported in medicine. Similar results have also been
reported by Connor et al [21], who have also emphasised
that the participation rate of ethnic minorities in higher
education is higher than for the white population,
although there are differences between the various groups.
Neither is underperformance of ethnic minorities
restricted to university performance. Kirkup et al [22], in a
study for the Sutton Trust, with what was probably not anPage 2 of 23
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levels, found differences between white and non-white
students, with estimated effect sizes of -0.159 for GCSEs, -
0.239 for A-level grades, and -.514, -.141, -.571, -.588 and
-.199 for the Critical reading, Mathematics, Writing, Writ-
ing-Multiple Choice, and Writing: essay assessments of
the SAT test (giving a mean effect size of -.403 for the five
SAT components); overall the seven measures had a mean
effect size of -.345. The summary data from the Research
Study of the Department for Education and Skills (DfES)
[23] for pupils taking assessments in 2005 allow the cal-
culation of effect sizes for differences between white and
non-white pupils of -.215 at Key Stage 1 (age 7), -.211 at
Key Stage 2 (age 11), -.178 at Key Stage 3 (age 14), and -
.028 at Key Stage 4 (GCSEs) (effect sizes being calculated
separately from the percentages of pupils attaining
expected levels of achievement in the three separate com-
ponents of each Key Stage, using the data provided in
table 8 of the Research Report [[23], p.42], with all non-
white pupils (excluding 'Unclassified') being combined
together, and weighted by the Ns provided for the data at
the (former) DfES website [24]) In pre-school children,
the second sweep of the Millennium Cohort Study of a
large, representative group of UK three-year olds, found
lower performance in ethnic minorities on two cognitive
scales, with an effect size of -.28 for the Naming Vocabu-
lary scale of the British Ability Scales, and an effect size of
-.11 for the Bracken Basic School Readiness Scale [25].
A range of explanations have been put forward for the
underperformance of ethnic minorities in medical school,
often revolving around discrimination of some form or
another (e.g. Wass et al [12]), although such explanations
have problems in explaining underperformance in com-
puter-marked multiple-choice examinations (e.g. at the
undergraduate level in [12] and at postgraduate level in
Part 1 and Part 2 of the MRCP(UK) [15]). A detailed anal-
ysis of a large number of candidates taking PACES, the
MRCP(UK) clinical examination, also finds that there is
little association between the performance of candidates
in relation to their own ethnicity and that of their exam-
iners [15].
There are relatively few consistent predictors of educa-
tional outcome at university level and beyond, although
one measure which does continue to make a statistical
prediction, is A level examination results, the > Advanced
level = examination taken by would-be university entrants
in the UK, particularly in England, Wales and Northern
Ireland (most applicants in Scotland taking Highers). A
level results have been shown to predict performance at
university, both in general [26,27] and in medicine for
both undergraduate [14,28,29] and post-graduate medi-
cal examinations [28,29]. If there were differences in per-
formance of non-white entrants at A level examinations,
then that might in part explain some of the differences
found in performance of ethnic minorities at medical
school.
In the UK, school education is compulsory until the age of
16, when the GCSE (General Certificate of Secondary Edu-
cation) exams are taken by almost all students in schools,
the only exception being a small minority with severe edu-
cational, intellectual or behavioural problems (and for a
detailed study of them and their characteristics see Cassen
& Kingdom [30]). At the age of 16, students can leave edu-
cation, and many choose to do so. Those who do stay on,
either at school (Sixth Form), or at colleges of further edu-
cation, can take a range of qualifications, of which the
main ones relevant to the question of medical school
applications, are the A level examinations (or Highers in
Scotland), with only a few medical school applicants tak-
ing instead the International Baccalaureate or the Welsh
Baccalaureate, which is currently being piloted).
Education after the age of sixteen is often called post-com-
pulsory education, with the important implication that
students choose to stay on, and also, in staying on, they
choose which subjects to study and for what purposes. The
element of choice in post-compulsory education compli-
cates all statistical analyses of differences between groups,
ethnic or otherwise, because one is not dealing with an
entire population sample, but instead a sample that is self-
selected, having chosen to be doing what it is doing, and
which therefore, in statistical terms, is potentially biased.
Any differences between groups may therefore result
either from differences in true ability or from differences
in the choices that have been made, for whatsoever rea-
son.
In this paper we wish to look carefully at academic quali-
fications in relation to ethnic origin, initially in the Youth
Cohort Study (YCS), a representative, population sample
of 16-year olds in England and Wales, in whom perform-
ance at GCSE is well-described, as also are many aspects of
performance in post-compulsory education. Our princi-
ple interest will be in factors relevant to the pool of poten-
tial medical students, and we note that more general
aspects of the attainment gap in minority ethnic pupils in
school have been reviewed comprehensively elsewhere
[23,31]. Because medical students are a relatively small
proportion of the total population, we will also compare
the analysis of the representative sample of students from
YCS with a parallel analysis of a separate database of all
UK applicants to university, who have applied through
UCAS (Universities and Colleges Admissions Service).
The data in the latter are of course far less comprehensive
in relation to the population as a whole, because many of
the population do not apply to university, but they allow
a analysis of applicants and acceptances to a range of uni-Page 3 of 23
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analysis of the YCS data and the UCAS data allows a more
complete picture to appear.
Methods
i) Youth Cohort Study (YCS)
The YCS has been carried out annually or biennially since
1985, and the current analysis is for Cohort 10, who were
aged 16 or 17 when the first sweep of the survey was car-
ried out in Spring 2000, mostly having taken GCSEs the
summer before, in May 1999 [32,33]. Further sweeps were
carried out in November 2000 (Sweep 2), and March
2002 (Sweep 3), the latter being of particular importance
as A level results are available. The initial sample consisted
of a representative sample of 25,000 pupils from all
schools in England and Wales (excluding special schools
and those with fewer than 20 pupils) who were of school-
leaving age during the academic year 1998–1999, and
reached the age of 16 by Aug 31st 1999. Questionnaires for
sweeps 2 and 3 were only sent to those replying to previ-
ous sweeps. Details of the survey are available in the sur-
vey codebook [33], which includes details of all three
sweeps. The YCS provides weighting variables to take into
account any biasses in responding in the surveys, and
these have been applied in all analyses described here, so
all values are representative of population values.
ii) UCAS dataset
Data were provided by UCAS for all applicants applying
for admission to university in the autumn of 2003, 2004
and 2005. Information was available on the university
subject for which the applicant had applied, as well as spe-
cific information on whether they had applied for medi-
cine, and whether they had been accepted for medicine.
Demographic information was also available on age, sex,
ethnicity, place of residence, parental occupation, and
parental education, and the educational data included the
subject and grade of all A levels and AS levels taken, as
well as the standard UCAS tariff score (see below).
Statistical analysis used SPSS 11.5 for most analyses, with
LISREL 8.54 being used for structural equation modelling.
Effect sizes for continuous variables are calculated as d =
(mean W-mean NW)/SD W. Odds ratios, calculated as OR =
pW × (1-pNW)/(pNW × (1-pW)), are converted to effect sizes
using the method of Chinn [34]. Negative effect sizes
should be interpreted as NW students performing less
well or having a lower mean than W, or NW having a
lower proportion or probability of an event than W.
Results
Definition of ethnicity
The definition of ethnicity is complex, with different stud-
ies using different criteria and classifications. It is also
probable that there are differences between varying
groups of ethnic minorities. However for our present pur-
pose we are primarily interested in those studies which,
for convenience and other reasons, simply compare >
white = (W) students with > non-white = (NW) students.
In the medical school population the majority of non-
white students are from the Indian sub-continent (prima-
rily Indian, Pakistani, Bangladeshi and other), although
there are students from other groups. Supplementary
table 1 [see Additional file 1] provides a complete descrip-
tion of all individuals using the classificatory schemes of
YCS and UCAS. Although so doing inevitably simplifies a
complex process, for ease of explication, we will divide
students into just two groups, in order to be able to see the
bigger picture more straightforwardly. We acknowledge in
advance that many further, more detailed, analyses could
be carried out.
The Youth Cohort Study
Performance at GCSE
Almost all students took GCSEs, only 649/13698 (4.7%)
not taking any GCSEs, and those individuals were
excluded from further analysis. The simplest overall meas-
ure of GCSE performance is the total number of points
attained (where A = 5, B = 4, C = 3, D = 2, E = 1, else = 0).
It should be noted that although for a number of years
GCSEs have awarded a grade of A*, which is higher than
A, those A* results are unfortunately not distinguished
from A in the YCS database. Inevitably any simple points
total is influenced by the total number of GCSE examina-
tions for which a student chooses to enter or is allowed to
enter, and so we also provide the mean grade attained at
GCSE. Overall there is only a very small absolute differ-
ence in the number of GCSEs taken by white and non-
white candidates, which just reaches significance (see
Table 1), but there is a highly significant difference in the
number of points and the mean grade attained, p < .001
in each case. Figure 1 shows the distribution of points for
W and NW students, and although it is clear that the NW
students have a lower mean, which can be seen particu-
larly in the left-hand tail, at the top end of the distribution
the differences are far less marked, such that the number
of A grades attained is more similar in W and NW stu-
dents, and the proportion of students gaining 6 or more A
grades B the pool of those with a realistic chance of subse-
quently applying for medical school B is not significantly
different in the W and NW candidates, 10.7% and 9.8%
respectively, the effect size being B.054. Table 1 also
shows the proportions gaining A grades in the main sub-
jects taken, and for most subjects there is no significant
difference between W and NW candidates.
Difficulty of GCSEs
Although almost all students take GCSE at age 16, there is
an element of choice in the particular subjects chosen for
study. There is also good evidence that not all subjects arePage 4 of 23
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ogy and Latin being harder subjects in which to gain top
grades than Art, Drama, and Sociology [35]. We therefore
calculated a measure of the average difficulty of all the
GCSE subjects that had been taken by a student, based on
Coe = s estimates of the Rasch difficulty for an A* grade.
The choice of A* for this calculation has little impact over-
all, since the Rasch difficulties for different grades are, to a
large extent, parallel [35], and A* has the advantage for
present purposes that it is the grade which most medical
students would be expected to achieve. Table 1 shows that
there is no significant difference between W and NW stu-
dents, meaning that NW students take GCSEs of similar
difficulty to W students.
Demographic factors
W and NW students differ in a number of demographic
factors, as can be seen in Table 2, the NW students coming
from a somewhat lower socio-economic group, and their
parents having somewhat less education, although inter-
estingly there are no differences in the proportions attend-
ing private schools.
Correlation and regression analyses
Table 3 shows simple Pearson correlations of the meas-
ures of GCSE achievement with background variables. As
in most complex social data there are correlations
between very many of the measures. Of particular interest
are that non-white ethnicity correlates with taking slightly
fewer GCSEs and gaining fewer points at GCSE, as well as
coming from a lower socio-economic background and
having less parental education. However it is also the case
that non-white ethnicity does not correlate with attending
a private school, taking more difficult GCSEs, or being
female. There are also many significant correlations
between background variables, such as between social
class and all of the other measures. A multiple regression
of GCSE points on the seven background factors found
that all were significant at p < .001, higher GCSE points
being predicted by taking more GCSEs (β = .604), greater
level of parental education (β = .152), attending a private
school (β = .147), taking more difficult GCSEs (β = .116),
coming from a higher socio-economic group (β = .110),
being female (β = .081), and being white (β = .026), the
variables together accounting for 55% of the variance, of
which 43% was accounted for by number of GCSEs taken.
A similar analysis using logistic regression and with the
attainment of 6 or more A grades as the dependent varia-
ble, found highly significant effects of all the same varia-
bles at p < .001, with the important exception that
ethnicity was not significant. If ethnicity was forced into
the logistic regression it had a significance level of .437.
Path analysis
Achievement at GCSE depends on a number of variables,
and as Table 3 shows, those variables are themselves inter-
related, both in correlational and causal terms. We there-
fore used LISREL to fit a path model, shown in Figure 2.
The causal ordering was chosen on the basis that the
number of GCSEs taken and the difficulties of the GCSEs
taken were both immediately prior to the total points
attained, and that type of schooling was prior to taking
GCSEs. The sex of the student, being fixed throughout the
student = s life, was prior to all educational variables. The
remaining variables were related to the student = s fami-
lies as much as to the student themselves, and hence were
earlier in causal terms, with parental socio-economic
group being likely to be secondary to parental education,
and parental ethnicity prior to parental education. The
logic is that the ethnicity of parents and offspring is gener-
ally the same, and fixed throughout the lifespan of parents
and offspring, whereas education of both parents and off-
spring is less fixed, so that in any causal model, the ethnic-
ity of individuals and their parents is to the left of
measures of education. The number of individuals of
mixed ethnicity (who are here classified as NW) is rela-
tively small, and hence little affects the above argument,
and it is still the case that an individual's ethnicity pre-
cedes their education causally.
The model was fitted by firstly using a saturated model in
which all variables to the left of a variable could cause all
variables to the right of the variable, through the BETA
matrix in LSIREL. Paths which were non-significant at the
0.05 level were dropped sequentially from the model,
The distribution of GCSE points gained by W and NW stu-dents, hown i  red and gree  respectivelyFigure 1
The distribution of GCSE points gained by W and NW stu-
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were significant.
The final fitted model is shown in Figure 2. The overall
goodness of fit was excellent, with χ2 = 8.92, 8 df, p = .349,
a goodness of fit index of 1.000, and an adjusted goodness
of fit of 0.999. Figure 2 shows a number of readily inter-
pretable effects. Higher parental education results in a
higher parental socio-economic group, and both factors
result in a child being more likely to take part in private
schooling. Private schools are more likely to put children
in for more difficult GCSEs, and the children also gain
more points at GCSE. Total GCSE points is particularly
dependent on number of GCSEs taken, and the difficulty
of the GCSEs taken, and there are also direct influences of
private schooling, as well as effects of sex, parental social
class, and parental education which are not explained by
schooling. Finally it should be noticed that ethnicity has
Table 1: GCSE achievement of W and NW students (YCS).
White Mean (SD) 
N = 11273
Non-White Mean (SD)
 N = 1776
Significance Effect size
Number of GCSEs taken 8.65 (1.90) 8.55 (1.99) t = 2.07,
p = .039
d = -.053
Total number of GCSE points 24.12 (14.18) 22.01 (14.44) t = 5.81,
p < .001
d = -.148
Mean GCSE points 2.65 (1.34) 2.44 (1.38) t = 5.89,
p < .001
d = -.156
Number of GCSEs at A grade 1.44 (2.62) 1.32 (2.54) t = 1.80,
p = .072
d = -.046
Average difficulty of GCSEs taken .773 (.029)) .771 (.029) t = 1.93,
p = .054
d = -.048
White N (%) Non-White N(%) Chi-squared (p)
Percent with 6 or more GCSEs at grade A 1206/11272 = 10.7% 174/1602 = 9.8% χ2 = 1.32, 1df, p = .251 OR = 0.907 (CI .77 – 1.07) d = -.054
Percent with A grade in particular subjects:
English language 1580/10798 = 14.6% 216/1666 = 13.0% .190 (1) p = .190 -
English Literature 1561/9272 = 16.8% 196/1391 = 14.1% 6.62 (1) p = .010 -
Maths 1321/9485 = 13.9% 208/1168 = 15.1% 1.41 (1) p = .236 -
French 1219/5798 = 21.0% 151/783 = 19.3% 1.27 (1) p = .260 -
Geography 969/4678 = 20.7% 110/513 = 17.7% 3.17 (1) p = .075 -
History 916/3647 = 25.1% 122/369 = 24.8% .017 (1) p = .897 -
Art 799/3427 = 23.3% 123/560 = 22.0% .494 (1) p = .482 -
Craft 869/4508 = 16.2% 101/828 = 12.2% 8.54 (1) p = .003 -
German 521/2508 = 20.8% 55/303 = 18.2% 1.14 (1) p = .286 -
Business Studies 251/1910 = 13.1% 50/346 = 14.5% .43 (1) .510 -
Double Science 1141/8125 = 14.0% 158/1182 = 13.4% .39 (1) p = .531 -
Table 2: Demographic measures for W and NW students (YCS).
White N = 11273 Non-White N = 1776 Significance
Sex
Male 5657 (50.2%) 898 (50.6%) χ2 = .089 (1) p = .765
Female 5616 (49.8%) 878 (49.4%)
Socio-economic group
V (Unskilled) 482 (4.7%) 70 (5.6%) χ2 = 25.71 (4) p < .001
IV (Semi-skilled) 1181 (11.5%) 188 (15.1%)
III (Skilled manual) 3940 (38.3%) 495 (39.7%)
II (Other non-manual) 2218 (21.5%) 251 (20.1%)
I (Managerial/profssional) 2477 (24.1%) 243 (19.5%)
Parental education
Pre-A-level 6935 (61.5%) 1261 (71.0%) χ2 = 75.72 (2) p < .001
A levels 1790 (15.9%) 159 (9.0%)
Degree 2547 (22.6%) 356 (20.0%)
School type
State 10488 (93.0%) 1652 (93.0%) χ2 = .015 (1) p = .093
Private 784 (7.0%) 125 (7.0%)Page 6 of 23
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parental education and coming from a lower socio-eco-
nomic group, but after taking those into account, ethnic
minorities are somewhat more likely to attend private
schools.
To summarise the results so far, NW students do achieve
slightly less well at GCSE, but that is largely, but not
entirely, mediated by a number of background variables
such as parental education and type of schooling. In par-
ticular, the numbers of NW students attaining good
grades at GCSE (6 or more As) is similar to that in W stu-
dents, both in a simple analysis, and also after taking
background factors into account. From the point of view
of understanding the potential pool of medical school
applicants B those performing particularly well at GCSE,
in other words B W and NW students do not show signif-
icant differences in GCSE achievement.
Choosing to take A levels
A levels are taken as a part of post-compulsory education
in the UK, so that students firstly must choose to take A
levels, and then they must choose which particular A level
subjects to take. Medical schools typically require science
subjects to have been studied, at least in part, and a major-
ity of schools require a good grade in A level Chemistry. A
levels undoubtedly differ in their relative difficulty, and
Chemistry is widely perceived as more difficult than most
other subjects, a perception which it would seem is correct
[36]. To enter the pool of potential medical students a stu-
dent must therefore in most cases take A level sciences in
general, and A level Chemistry in particular.
YCS asked students in Sweep 1, who were surveyed about
six months after getting their GCSE results, whether they
were continuing in education, and in particular whether
they were taking A levels, and if so, in what subjects. We
have looked at three simple summary statistics; whether a
student was taking one or more A levels (excluding Gen-
eral Studies), whether a student was taking one or more
science A levels, and whether a student was taking Chem-
istry at A level. Table 4 shows that although a similar pro-
portion of NW and W students go on to take A levels
(despite NW students having somewhat lower GCSE
grades overall), NW students are significantly more likely
to take science A levels, and are nearly twice as likely to
take A level chemistry in particular, one in nine of all NW
students in the population taking A level chemistry in
comparison with one in fifteen of all W students in the
same age cohort. The fact that an equal proportion of W
and NW students go on to take A levels is surprising, given
the somewhat lower achievement of NW students at
GCSE. Figure 3 shows the proportion of students going on
to A levels in relation to GCSE points, and it is clear that
at almost all levels of achievement, NW students are more
likely to take A levels than are W students. Logistic regres-
sion confirms, after taking GCSE points into account, that
non-white students are 1.74 times (95% CI 1.48–2.04;
effect size = .306) more likely to take at least one A level,
2.08 times (95% CI 1.80–2.42; effect size = .405) more
likely to take at least one science A level, and 2.61 times
(95% CI 2.15 – 3.16; effect size = .530) more likely to take
chemistry A level. In so far as GCSEs are predictive of A
level achievement, as will be shown below, it seems likely
therefore that NW students will perform less well at A
level than W students.
Table 3: Pearson correlations between achievement at GCSE and background variables. Weighted N for cells varies between 11,544 
and 13,049. Significance levels are shown as: *** p < .001; ** p < .01; * p < .05.
Total points 
at GCSE
Number of 
GCSEs taken
Difficulty of 
GCSEs taken
Independent 
(private)
Female sex Higher socio- 
economic
Greater 
parental
Non-white 
ethnicity
Total points at
GCSE
1.000 0.658 *** 0.187 *** 0.265 *** 0.115 *** 0.295 *** 0.338 *** -0.051 ***
Number of GCSEs
taken
0.658 *** 1.000 -0.006 0.057 *** 0.058 *** 0.159 *** 0.167 *** -0.018 *
Difficulty of GCSEs
taken
0.187 *** -0.006 1.000 0.286 *** 0.000 0.098 *** 0.140 *** -0.017
Independent
(private)
0.265 *** 0.057 *** 0.286 *** 1.000 0.002 0.153 *** 0.228 *** 0.001
Female sex 0.115 *** 0.058 *** 0.000 0.002 1.000 -0.025 ** 0.004 -0.003
Higher socio-
economic group+
0.295 *** 0.159 *** 0.098 *** 0.153 *** -0.025 ** 1.000 0.318 *** -0.044 ***
Greater parental
education
0.338 *** 0.167 *** 0.140 *** 0.228 *** 0.004 0.318 *** 1.000 -0.050 ***
Non-white
Ethnicity
-0.051 *** -0.018 * -0.017 0.001 -0.003 -0.044 *** -0.050 *** 1.000
+ Note: For convenience of interpretation, socio-economic group here and in other analyses has been rescored so that higher groups have higher 
scores (i.e. I = 5, II = 4, III = 3, IV = 2 and V = 1).Page 7 of 23
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BMC Medical Education 2008, 8:21 http://www.biomedcentral.com/1472-6920/8/21Regression analysis and path analysis
Ethnic differences in aspirations to take A levels were
explored further using multiple regression and structural
equation modelling, looking at taking of A-levels in rela-
tion to the eight variables shown in Figure 2 that relate to
GCSE attainment and background characteristics. For-
ward entry logistic regression with taking of one or more
A levels as the dependent variable, and the eight back-
ground variables as predictors, found significant effects of
all the measures except private schooling. Predictors of
taking A levels, in order of entry into the regression (but
with significance levels calculated after taking all other
variables into account) were higher numbers of GCSE
points (p < .001), taking fewer GCSEs (p < .001), being
non-white (p < .001), coming from a higher socio-eco-
nomic group (p < .001), being male (p < .001), having
greater parental education (p < .001), and taking more dif-
ficult GCSEs (p = .027). NW students were 1.979 times
more likely to take A levels than white students (effect size
= .377), all other background factors being taken into
Table 4: A-levels in W and NW students (YCS).
White Mean (SD) N Non-White Mean (SD) N Significance Effect size
Total number of points achieved at 
A level
17.71 (9.17) N = 2376 16.42 (9.15) N = 355 t = 2.474 p = .013 -.141
White N (%) Non-White N(%) Odds Ratio (95% CI)
Taking one or more A-levels 
(excluding General Studies)
4666/11273 = 41.4% 738/1777 = 41.5% χ2 = .012 (1) p = .911 OR = 1.01 (.91–1.11) d = .005
Taking one or more science A-
levels
2701/11273 = 24.0% 515/1777 = 29.0% χ2 = 20.84 (1) p < .001 1.30 (1.16–1.45) d = .145
Taking A-level Chemistry 744/11273 = 6.6% 202/1776 = 11.4% χ2 = 51.98 (1) p < .001 1.82 (1.54–2.14) d = .331
Path model of direct and indirect influences of background factors upon GCSE performanceFigure 2
Path model of direct and indirect influences of background factors upon GCSE performance. Path coefficients and t-statistics 
are shown alongside paths, the thickness of paths is proportional to the path coefficient, and negative paths are shown as red, 
dashed lines.
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BMC Medical Education 2008, 8:21 http://www.biomedcentral.com/1472-6920/8/21account. Very similar results were obtained for taking at
least one science A level, and for taking Chemistry A level,
NW students being 2.370 times more likely to take a sci-
ence A level (effect size = .477), and 2.735 times more
likely to take Chemistry A level (effect size = .556). Figure
4 shows a path model for taking A levels, and not only can
the effects of ethnicity be seen, but it is also clear that NW
students are more likely to take a science A level, even after
taking into account the likelihood of taking A levels, and
are more likely to take Chemistry A level, even after taking
into account the fact that they are taking science A levels.
Although overall NW students have poorer achievement
at GCSE, a previous analysis here had suggested that NW
students are equally likely as W students to achieve very
high GCSE grades (6 or more A grades or better). The
logistic regressions described in the previous section were
therefore repeated only for students with 6 or more A
grades at GCSE. Overall there was now no effect of ethnic-
ity on taking one or more A-levels, although that largely
reflects the fact, seen at the right hand end of Figure 3, that
97% of such a high achieving group go on to take A levels.
However, a similar analysis for the taking of science at A
level and the taking of Chemistry showed that even
among GCSE high-achievers, NW students were 2.85
times more likely to take a science A level (p < .001; effect
size = .579), and 2.45 times more likely to take Chemistry
A level (p < .001; effect size = .495).
A level difficulty
As with GCSEs, not all A level subjects are equally diffi-
cult. We therefore used the data of the CEM Centre at the
University of Durham [36] to calculate a difficulty score
for the subjects being taken by each student at A level.
Multiple regression of A level difficulty on the six back-
ground variables and two measures of GCSE attainment
shown in Figure 2 found that more difficult A levels were
taken by students with more GCSE points (p < .001), but
who had taken more difficult (P < .001) but somewhat
fewer GCSEs (P < .001), were female (p < .001), and were
non-white (p < .001). However, since Chemistry is one of
the most difficult of A levels, the latter effect is perhaps not
unexpected. Repeating the analysis but including a varia-
ble indicating whether or not students were studying
chemistry at A level meant that the effect of ethnicity was
no longer significant (p = .207).
In summary, despite having somewhat poorer overall
attainment at GCSE than W students, NW students are
more likely to go on to take A levels, and in particular sci-
ence A levels and Chemistry A level, which tend to be
more difficult. The same was also true of science A levels
and Chemistry A level amongst the high achieving stu-
dents with 6 or more A grades at GCSE.
Attainment at A level
YCS was carried out in several sweeps, with information
on GCSE results and intentions to take A level obtained at
sweep 1. Information on actual attainment at A level was
obtained only at sweep 3, and inevitably the response rate
was much poorer. Of the original 25,000 individuals in
the sampling frame, 13,699 responded to sweep 1, and
only these individuals were sent sweep 2, of whom 10,100
responded. Only these 10,100 individuals were sent
sweep 3, of whom 7,971 responded to sweep 3 (and of
course many of these students did not take A levels). Nev-
ertheless, because the sampling frame is well character-
ised, YCS provides appropriate weighting factors to take
response biases into account, and the weighting has been
applied in the following analyses, so that estimates are
likely to be applicable to the population as a whole. Infor-
mation at sweep 3 is less comprehensive, and little apart
from examination achievement is directly relevant to the
study of medicine as such.
A level grades in relation to GCSE grades
For present purposes we are only interested in A levels,
and not AS levels, since most medical students have at
least three A levels, and they are the main criterion for
medical student selection. As is also the case in many
medical schools, we have also not included General Stud-
ies as a > proper = A level subject. Figure 5 shows a scatter
plot of total points at A level (calculated as was conven-
tionally done by UCAS as A = 10, B = 8, C = 6, D = 4, E =
2, otherwise 0), in relation to total points at GCSE, with a
lowess line fitted separately for W and NW students. The
overall correlation is 0.628 (N = 2456), and was 0.633 (N
Proportion of W (Open points and solid lines) and NW stu-dents (solid points and dashed lines) taking at least one A-level (circles), at least one science A-level (triangles), and chemist y A-leve  (square ), n relation to po nts gained at GCSEFigure 3
Proportion of W (Open points and solid lines) and NW stu-
dents (solid points and dashed lines) taking at least one A-
level (circles), at least one science A-level (triangles), and 
chemistry A-level (squares), in relation to points gained at 
GCSE. Error bars show ± one standard error.
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BMC Medical Education 2008, 8:21 http://www.biomedcentral.com/1472-6920/8/21= 2131) in the W students, and 0.606 (N = 326) in the NW
students. It is also clear, in Figure 5, that the fitted lowess
regression lines are very similar. To a first approximation
therefore, GCSE achievement predicts A level outcome
equally well in W and NW students, although there is a
trend towards NW students with high GCSE grades under-
achieving to some extent at A level. Regression of A level
points on GCSE points showed that the linear component
of GCSE points accounted for 39.5% of the variance in A
level points. Inclusion of ethnicity did not significantly
improve the fit of the model (R2 change < 0.1%; p = .470),
although inclusion of an ethnicity x GCSE points interac-
tion was significant (F(1,2472) = 12.7, p < .001) account-
ing for a further 0.3% of the variance. Fitting lines
separately to W and NW groups, showed that the unstand-
ardised regression coefficient was somewhat higher in W
students (b = .660, SE = .017; beta = .633, R2 = 40.1%)
than in non-White students (b = .515, SE = .038, beta =
.606, R2 = 36.7%). GCSE grades therefore predict A levels
slightly better in W than NW students, although the effect
is small, and the broad picture is of similarity. Since NW
students taking A levels have lower GCSE achievement
than W students, it can be predicted that NW students will
perform less well at A level than will W students.
Actual taking of A levels
Of the 13,049 individuals in sweep 1 of YCS, only 6692
(51.3%) responded on sweep 3 when A level results were
asked for, and of these only 2731 had actually taken one
or more A levels. (Note that these figures are slightly dif-
ferent from those cited at the beginning of the section on
A level achievement as those figures are raw counts of
Path model of influences of background factors and GCSE performance (variables in yellow) upon taking of A-levels, science A-levels an  A-leve  chemistry (variables in blue)Figure 4
Path model of influences of background factors and GCSE performance (variables in yellow) upon taking of A-levels, science A-
levels and A-level chemistry (variables in blue). Path coefficients and t-statistics are shown alongside paths, the thickness of 
paths is proportional to the path coefficient, and negative paths are shown as red, dashed lines. Paths previously shown in fig-
ure 2 are in pale grey without coefficients, to avoid undue confusion.
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BMC Medical Education 2008, 8:21 http://www.biomedcentral.com/1472-6920/8/21number of respondents, whereas the figures quoted here,
and subsequently, refer to weighted responses). Of the
3478 individuals at sweep 1 who said they did not intend
to take A levels, only 74 (2.1%) actually did, with no dif-
ference in proportion between W and NW (2.1% and
2.4% respectively). However of the 3214 individuals at
sweep 1 who said they intended to take A levels, 2657
(82.7%) actually did, and the proportion was higher in W
students (2314/2780 = 83.2%) than in NW students
(342/433 = 79.0%), a significant difference (chi-squared
= 4.73, 1df, p = .030; odds ratio = 0.760, effect size =
B.152), suggesting that more NW than W students had
decided their aspirations were inappropriate or impracti-
cal, although the data cannot decide between those possi-
bilities. Those not actually taking A levels who had said
they would, had significantly lower GCSE point scores
(mean = 29.1, SD = 10.24, N = 557) than those who did
take A levels as intended (mean = 48.56, SD = 8.68, N =
2657, t = 22.76, p < .001). Similarly, although fewer NW
students actually took A levels than said they would, the
NW students who actually took A levels had significantly
lower GCSE points than the W students (W: mean =
38.62, SD 8.63, N = 2376; NW: mean = 36.32, SD = 10.39,
N = 355; t = 4.56, p < .001).
A level achievement
Given the lower achievement at GCSE it is not surprising
that NW students also had lower total point scores at A
level (see Table 4). Numbers taking chemistry and other
individual subjects were too small to make useful compar-
isons. The effect just described is a simple effect, without
taking background factors into account. As before it is use-
ful to summarise the data on the different variables deter-
mining A level performance by means of a path analysis,
The relationship between points achieved at GCSE and points achieved at A-level, separately for W students (solid black points and so id black lin ) and NW students (open red points and d s ed red line)Figure 5
The relationship between points achieved at GCSE and points achieved at A-level, separately for W students (solid black points 
and solid black line) and NW students (open red points and dashed red line). All data points have been jittered slightly so that 
they do not overlap. The fitted lines are loess regression lines.
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BMC Medical Education 2008, 8:21 http://www.biomedcentral.com/1472-6920/8/21and Figure 6 shows a LISREL model for the determination
of A level points in terms of nine background variables.
The most important determinant of A level points is the
number of A levels taken, for fairly trivial reasons. GCSE
points also determine A level points, both directly, and
also indirectly via the number of A levels taken, better stu-
dents at GCSE taking more A levels. Better students at
GCSE also tend to take slightly more difficult A level sub-
jects, and as a result do slightly less well than if they had
taken easier subjects. Students taking more difficult sub-
jects at GCSE also tend to take more difficult subjects at A
level. Schooling, socio-economic group, and ethnicity do
not have direct effects upon A level performance,
although they have a range of indirect effects, whereas
parental education level has direct effects, on both GCSE
points and on A level points. Of particular interest is that
there is no direct effect of ethnicity upon A-level perform-
ance, all effects being mediated indirectly via background
factors and measures of performance at GCSE.
The UCAS dataset on applicants and entrants to universities
The YCS is a useful database for looking at the entire pop-
ulation of individuals taking GCSEs and then A levels.
However, the numbers involved are too small to be useful
for looking at applicants and entrants for particular uni-
versity subjects. The UCAS database is extremely large, the
three years from 2003–2005 having a total of 1,484,650
applicants, 476,467 in 2003, 486,028 in 2004 and
522,155 in 2005, of whom 52,557 applied for medicine,
and 23,443 were accepted at medical school. However the
database is weak in terms of the richness of the back-
ground variables, having only A levels, and not GCSEs, for
instance, and having only a limited number of demo-
graphic variables. And of course, of necessity, it can only
look at those individuals who have applied to university.
Nevertheless, the UCAS data complements and supports
the YCS data.
A level scores
Although most of UCAS = published analyses are in terms
of its > tariff score = [37], the tariff score has several disad-
vantages when thinking primarily about medical school
applicants. The tariff combines different qualifications
which are on different metrics, but that has the disadvan-
tage that the origin of any particular tariff is far from clear.
For instance, a candidate gaining B grades at three A levels
will receive 3 @ 100 = 300 points, as also will a candidate
gaining two As and a D (120+120+60), as also will a can-
didate taking six AS levels and gaining Bs in all of them (6
@ 50). The tariff also considers all such candidates
equally, irrespective of the level or number of qualifica-
tions or the subjects in which they were taken. In particu-
lar, the tariff score includes General Studies A level on an
equal footing with all other A levels, whereas many med-
ical schools do not regard it as a full A level. For the
present study we have therefore recalculated attainment
scores de novo, and have considered only A levels, scoring
them in the same way as for the YCS, with 10 = A, 8 = B,
etc.. For most medical schools it is A levels that matter,
and not combinations of A and AS levels. UCAS was una-
ble to provide data on Scottish Highers, and therefore our
analysis is restricted to those taking A levels, being typi-
cally candidates outside of Scotland.
For convenience and ease of interpretation we have con-
fined our analyses to applicants who were aged under 21
at the time of application (making them broadly equiva-
lent to the YCS data), and who were resident in the UK,
giving a total sample of 976,007. Some applicants had not
taken A levels, for various reasons, in particular being res-
ident in Scotland or Wales, and taking Highers or Bacca-
laureate, and we therefore considered only the 531,333
candidates who had results for at least three A level sub-
jects (excluding General Studies). A very small number of
candidates, 2642, had five or more A levels, and for prac-
tical reasons we excluded them also, leaving 528,691
applicants, 473,781 with three A levels and 54,910 with
four A levels. For simplicity, for candidates with four A
levels we have considered only the grades from their three
best results, meaning that for all candidates the maximum
number of points is 30, which is equivalent to AAA.
Although this might seem to devalue the additional qual-
ification obtained by those with four A levels, it is worth
noting that while 10.5% of the applicants with three A lev-
els had attained the maximum score of 30 points, that
score was attained by 48.9% of the applicants with four A
levels, showing that those taking four A levels tended to be
amongst the very highest achieving of all applicants.
A level results of UCAS applicants in relation to the YCS population
In order to compare UCAS applicants with all those taking
A levels, the data from the YCS A levels were expressed in
the same way as for the UCAS applicants, considering
only students gaining three or four A levels at grade E or
above, and for those taking four A levels, using the three
best results. This score correlates highly with the total
points score used in the earlier analyses (r = .957). Figure
7 shows the possible scores for three A levels, from 6
(EEE) through to 30 (AAA). The YCS data were compared
specifically with the 2003 UCAS applicants, since that
cohort was the closest in time of the UCAS cohorts to the
YCS cohort. Although the distributions are broadly simi-
lar, in particular being > censored= in a similar way at the
top end, the mode in both cases being at AAA due to no
higher grades being available, it is also clear that the YCS
group (red bars) has somewhat more individuals at lower
grades, and fewer individuals at the highest grades. UCAS
applicants therefore have somewhat higher grades than
the population as a whole, which would be expected as
only the better A-level candidates will apply to UCAS, butPage 12 of 23
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BMC Medical Education 2008, 8:21 http://www.biomedcentral.com/1472-6920/8/21otherwise have a broadly similar A level distribution to
that found in YCS. .
A level results in UCAS applicants in relation to ethnicity
Figure 8 shows the distribution of A level grades in the
UCAS dataset in relation to ethnicity. The broad distribu-
tions of each group are similar to those in Figure 7, with a
mode at 30 points due to censoring. A simple comparison
of W and NW students finds that W students have a higher
achievement than NW students (Table 5). Of interest is
that the overall effect size comparing W with NW is B
0.140, which is similar to the effect size found in the YCS
data of B 0.141 (see Table 4). An achievement of grades
ABB or above (i.e. 26 points or equivalent, which can be
regarded as a high A-level achievement), is reached by
35.7% of W applicants overall (i.e. for any subject), com-
pared with 32.4% of NW applicants (Chi-squared =
308.8, 1df, p < .001, odds ratio = 1.160, effect size =
B.082).
Applicants taking A level chemistry
Although the UCAS database has 517,300 university
applicants with three or more A levels, only 97,551
(18.9%) of these have taken A level chemistry, and hence
can be considered as being in the > real pool = of possible
entrants to medical school. Amongst those taking chemis-
try, 25.2% are non-white, compared with 11.8% of those
not taking chemistry (odds ratio = 2.518, effect size =
.510), again, a very similar figure to the odds ratio found
in the YCS data of 2.735. The mean total A level points of
NW students taking chemistry is significantly less than
that for W students (NW: mean = 22.92, SD = 6.35, N =
Path model of influences of background factors and GCSE performance (variables in yellow), upon A-level difficulty, number of A levels taken, and A-l vel performa ce (variables in pale green)Figure 6
Path model of influences of background factors and GCSE performance (variables in yellow), upon A-level difficulty, number of 
A levels taken, and A-level performance (variables in pale green). Path coefficients and t-statistics are shown alongside paths, 
the thickness of paths is proportional to the path coefficient, and negative paths are shown as red, dashed lines. Paths previ-
ously shown in figure 2 are in pale grey without coefficients, to avoid undue confusion.
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BMC Medical Education 2008, 8:21 http://www.biomedcentral.com/1472-6920/8/2124626; W: mean = 23.83, SD = 6.03, N = 72925; t = 20.26,
p < .001; effect size = B.151), as can be seen in Figure 9,
where it is very clear that students taking A level chemistry
are a high-achieving sub-group of students compared with
the population in general (Figure 8).
Applicants to medical school
For the 23,247 applicants to medical school, of whom
8,174 (35.2%) were NW, the average number of A level
points was significantly higher in the W applicants than
the NW applicants, with an effect size of B.282 (see Table
5). Figure 10 shows that the W applicants have a higher
proportions of 30 points and 28 points, whereas NW
applicants have a higher proportions of all other grades.
In view of the non-normal distribution, a non-parametric
test was used to confirm the difference in distributions
(Mann-Whitney U = 54151179, z = 15.99, p < .001). Table
5 also shows that NW applicants were significantly less
likely to achieve 26 points or more, which is equivalent to
ABB, (odds ratio = 0.634, effect size = B.252), or achieve
grades of AAA (odds ratio = .724, effect size = B.178).
Entrants to medical school
Of the 14,318 entrants to medical school, the average
number of A level points was 28.77 (SD 1.97) in the 9,945
W entrants, and 28.54 (SD 2.38) in the 4,373 NW
entrants, a highly significant difference (t = 5.89, 14316
df, p < .001), with an effect size of B.114. Figure 11 shows
the distribution, with W candidates being more likely to
have 30 and 28 points, and NW candidates to have 28
points or less. In view of the skewed distribution, a non-
parametric test was used to confirm the difference in dis-
tributions (Mann-Whitney, U = 21057283, Z = 3.453, p <
.001). Table 5 also shows that NW acceptances were sig-
nificantly less likely than W acceptances to have achieved
26 points or more, equivalent to a grade of ABB or more
(odds ratio < .001; odds ratio = .721, effect size = -.186),
or to achieve a grade of AAA (odds ratio = .919, effect size
= B.047).
Table 5: Comparison of A-level achievement in White and non-White applicants in the UCAS data, for all applicants, applicants taking 
Chemistry, applicants applying to medical school, and applicants accepted for medical school.
White Mean A-level scores 
(SD)
Non-White Mean A-level 
scores (SD)
Significance Effect size
All applicants 21.92 (5.93) N = 443,038 21.09 (6.31) N = 74,262 t = 34.397 p < .001 d = -.140
All applicants taking 
Chemistry
23.83 (6.03) N = 72,925 22.92 (6.35) N = 24,626 t = 20.26, p < .001 d = -.151
All medical school applicants 27.29 (3.56) N = 15,073 26.29 (4.41) N = 8,174 t = 18.81 p < .001 d = -.282
All medical school entrants 28.77 (1.97) N = 9,945 28.54 (2.38) N = 4,373 t = 5.89 p < .001 d = -.114
White N (%) Non-White N(%)
All applicants: percent gaining 
ABB or higher
158,373/443,038 = 35.7% 24,074/74,262 = 32.4% χ2 = 308.8 (1) p < .001 OR = .862 (CI .848 – .877) 
d = -.082
All applicants: proportion 
taking Chemistry
72,925/443,038 = 16.5% 24,626/74,262 33.2% χ2 = 11,593 (1) p < .001 OR = 2.52 (CI 2.48 – 2.56) 
d = .-511
Medical school applicants: 
percent gaining ABB or higher
11,977/15,074 = 79.5% 5815/8174 = 71.1% χ2 = 204.3 (1) p < .001 OR = 0.634 (CI .60 – .68) d 
= -.252
Medical school applicants: 
percent gaining AAA higher
6,893/15,074 = 45.7% 3098/8174 = 37.9% χ2 = 132.6 (1) p < .001 OR = .724 (CI .69–.77) d = 
-.178
Medical school acceptances: 
percent gaining ABB or higher
9509/9945 = 95.6% 4109/4373 = 94.0% χ2 = 17.9 (1) p < .001 OR = .714 (CI .61 – .84) d 
= -.186
Medical school acceptances: 
percent gaining AAA higher
6083/9945 = 61.2% 2586/4373 = 59.1% χ2 = 5.24 (1) p = .022 OR = .919 (CI .854–.988) d 
= -.047
Distribution of points attained on best three A-levels (see tex ), for students in the YCS (red bars), and for all tudents apply ng t  UCAS i  2003 (black bar )Figure 7
Distribution of points attained on best three A-levels (see 
text), for students in the YCS (red bars), and for all students 
applying to UCAS in 2003 (black bars). Grey bars in the back-
ground correspond to 6, 12, 18, 24 and 30 points, equating 
to EEE, DDD, CCC, BBB and AAA.
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The distribution of A-level points for all medical school entrants, separately for W students (red bars) and NW stu-dents (g e n bars)Figure 11
The distribution of A-level points for all medical school 
entrants, separately for W students (red bars) and NW stu-
dents (green bars).
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The distribution of A-level points for all UCAS applicants w o have taken A-level chemistry, separately for W students (red b rs) nd NW students (green b rs)Figure 9
The distribution of A-level points for all UCAS applicants 
who have taken A-level chemistry, separately for W students 
(red bars) and NW students (green bars).
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The distribution in all UCAS applicants of A level points gained by W students (red bars) and NW students (green b rs)Figure 8
The distribution in all UCAS applicants of A level points 
gained by W students (red bars) and NW students (green 
bars).
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The distribution of A-level points for all medical school appli-cants, eparately for W students (red bars) and NW students (gr en bars)Figure 10
The distribution of A-level points for all medical school appli-
cants, separately for W students (red bars) and NW students 
(green bars).
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in W and NW students
The distribution of A level attainment in university appli-
cants in general, shown in Figure 7, is an important one
that is capable of further analysis. It can be seen that to a
first approximation the distribution is normal, with a
mode at about 20 points (i.e equivalent to about BCC)
but with a wide distribution around that, and, in particu-
lar a clear second mode at the maximum of 30 points
(AAA). It should also be noticed that the distribution tails
away towards the left-hand end of the distribution, the
very lowest points possible with three A levels being 6 (i.e.
EEE).
In interpreting this distribution, a clear distinction should
be made between distributions that statisticians describe
as censored and those described as truncated. In a clinical
survival analysis, patients may be followed up for, say, five
years. During that time, some will have died, and their
precise survival will be known. Others, however, will have
survived for the whole of the five years but will, inevitably,
succumb at some future time, but all that can be said of
them is that their survival is at least five years; these data
are censored, the number of observations being known but
their precise value being unknown. In contrast, a study
may look only at a group of patients whose blood pres-
sure is known to be at least 160 mmHg, and the distribu-
tion of blood pressure for those individuals is truncated,
no individuals being included below the threshold level.
The key difference is that for the censored data, all of those
surviving for beyond the measured time are included in
the final bin of the histogram, whereas in the case of trun-
cation, those not included are not shown anywhere in the
histogram.
The A level data of Figures 7 to 11 are truncated at the
lower bound, as individuals are only included who have
gained a minimum of 6 points from 3 A levels. In contrast,
at the upper end of the distribution, individuals who
could have gained more than 30 points (AAA) if the mark-
ing scheme had allowed it, by, for instance, including
hypothetical grades of A*, A** and A***, gaining 12, 14
and 16 points respectively, are forced into the highest bin
of the histogram, AAA, because they cannot achieve any
higher result given the marking scheme. The A level distri-
bution is therefore censored at the top end (and that
accounts for the clear second mode in Figures 7 to 11 at
30 points).
When a distribution is censored, as in Figures 7 to 11, then
although a simple mean can be calculated in the tradi-
tional way, it makes more sense to consider the mean of
the true or latent, underlying, distribution which had gen-
erated the censored distribution that was actually found.
The latent distributions for all UCAS applicants were cal-
culated separately for W and NW candidates, and the sim-
ple censored distribution was fitted (further details are
described elsewhere [38]). For medical school applicants
and acceptances, the parameters were estimated jointly for
both applicants and acceptances, using a two-parameter
logistic function to estimate the selection ratio at each
level of achievement, with all parameters calculated sepa-
rately for W and NW applicants. As an example of the fit-
ting process, Figure 12 shows the observed distribution of
A level scores for all applicants, all applicants for medical
school, and all acceptances for medical school. The wide
black bars in Figure 12a show the percentage of all UCAS
candidates gaining the various grades. The ceiling at 30
points (AAA) is clearly shown, and is gained by 14.5% of
these applicants. The modelled, normal distribution, cen-
sored at 30 points, showed a reasonable fit to the data
(yellow bars, mean = 22.1, SD = 6.60). The red bars in Fig-
ure 1a show the expected distribution of applicants gain-
ing more than 30 points from 3 A levels, assuming similar
scaling of the current A levels, and with A* = 12, A** = 14,
etc.. Figures 12b and 12c show similar distributions for
medical school applicants and acceptances, the true mean
(SD) being estimated as 28.3 (5.5) for applicants and 30.1
(4.5) for acceptances.
Table 6 shows the estimated parameters of the uncensored
distributions for W and NW applicants, medical school
applicants and medical school acceptances. The first four
columns are relatively uncomplicated and show the fitted
mean and standard deviation of A-level grades for all uni-
versity applicants, the NW applicants having a lower
mean and slightly higher standard deviation than the W
applicants. The reminder of the table is best interpreted in
conjunction with Figure 13, which shows the estimated
distributions and selection functions for medical school
applicants and acceptances. The red and green circles on
Figure 13 show the fitted distributions of W and NW med-
ical school applicants respectively, the NW distribution
being clearly shifted to the left by about 0.6 standard devi-
ations (the precise parameters are shown in the last three
columns of Table 6). Similarly red and green squares show
the fitted A-level grade distributions of W and NW medi-
cal school acceptances, the parameters being shown at the
bottom of Table 6. The selection functions, which show
the proportions of applicants who are accepted, in rela-
tion to A-level points, are shown as separately for the W
and NW applicants as the green and red dashed lines, and
the parameters of the function are shown in Table 6.
The effect size of -.129 for the A level performance of all
NW applicants is similar both to the simple, unadjusted,
effect size of -.141 found for applicants in the UCAS data
(Table 5), and the effect size of -.140 found for A level
points in the YCS data (Table 4). In contrast the true effect
size of -0.592 for medical school applicants shown inPage 16 of 23
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lated from the raw data that is shown in Table 5 of -.282,
showing that the censoring of the data has distorted the
true picture. Similarly, the raw effect size of -.114 for med-
ical school acceptances in Table 5 is larger than the
adjusted effect size of -.068 in Table 6. Censoring of the
data by the artificial ceiling of AAA in A levels therefore
distorts the estimates of effect size.
Discussion
This paper has analysed two very different databases, in
order to answer questions about the academic back-
ground and qualifications of medical students from eth-
nic minorities. The questions it has asked have, inevitably,
been simplified, particularly in so far as the studies have
looked only at A level grades, in those students who have
taken three or four A levels, and they have looked only at
a division of the population into just two groups, White
and non-White. No doubt far more subtle analyses could
carried out, but those presented here are sufficient for a
basic analysis of the issue.
The starting point for the paper is that in a range of stud-
ies, medical students and doctors from ethnic minorities
have underperformed in different types of examination,
both undergraduate and postgraduate. Although it is inev-
itably tempting to attribute underperformance in some
examinations, such as clinical assessments, to factors such
as direct or indirect discrimination on the part of examin-
ers, perhaps because of cultural insensitivity or other rea-
sons, all such explanations have problems in explaining
why candidates from ethnic minorities underperform in
assessments of knowledge which use multiple-choice
questions and are marked by a computer.
A crucial but implicit assumption of many studies of
underperformance by students from ethnic minorities is
that W and NW students are initially equivalent in their
academic ability. Since selection has taken place on the
basis of an academic criterion, then it might seem reason-
able to infer that equality of intellectual ability is present
in students from different groups. A particularly clear
example comes from Esmail, commenting on the original
findings in Manchester in 1995 that a higher proportion
of NW students were failing their final examinations.
AWe found a significant statistical association between
men with Asian names and failing clinical exams. ...
The black bars show the observed distributions of A-level grades attained by a) all UCAS applicants, b) all medical schoo pplicants, and c) all medica  school entrantsFigure 12
The black bars show the observed distributions of A-level 
grades attained by a) all UCAS applicants, b) all medical 
school applicants, and c) all medical school entrants. The yel-
low bars show the fitted distribution which has been esti-
mated on the basis of a normal distribution which has been 
truncated at 6 points and censored at 30 points, with all indi-
viduals scoring more than 30 points being included in the 30 
point bin. The orange bars show the proportions of individu-
als who would have been expected to gain 32, 34, 36 etc. 
points, where 36 points can be construed as three A* grades, 
42 points three A** grades, etc..
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Table 6: Parameter estimates for the latent (uncensored) distributions in all applicants, and in medical school applicants and 
acceptances, separately for W and NW candidates.
All applicants Medical school applicants and acceptances
W NW Effect size W NW Effect size
Estimated true mean in applicants 22.29 21.45 -.129 28.63 25.63 -.592
Estimated true SD in applicants 6.53 6.92 - 5.06 5.53 -
Selection process: Slope - - - .225 .200 -
Selection process: Intercept - - - 26.00 29.9 -
Estimated true mean in acceptances - - - 30.80 30.51 -.068
Estimated true SD in acceptances - - - 4.23 4.36 -Page 17 of 23
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accepted to Manchester University on the basis of the
same A level criteria as everyone else.@ [7] (our empha-
sis)
It is a seductive and powerful argument, and one that in
some form or another, many of us have used. However,
the data in the present analysis suggest it is not correct,
and that finding has a number of important implications,
particularly in an area where research is quoted in the con-
text of Aracial discrimination≅ [39] and Aracism in medi-
cine≅ [40]. Despite being selected Aon the basis of the
same A level criteria as everyone else≅, there are several
mechanisms by which NW students may still underper-
form at medical school.
i) Different distributions of educational achievement in the 
W and NW populations
The YCS data are important because they show the
achievement of a large, representative population sample
on an examination, the GCSE, which is taken by almost
all students in the UK population at the age of 16, and for
which teachers and schools are rewarded for their students
performing as well as possible. There is therefore every
reason to believe it is taken very seriously. Figure 1 shows
that NW students have both a lower mean attainment and
a somewhat greater variance of attainment at GCSE than
do W students. The reasons for that are complex, and as
Figure 2 shows, it is in large part a reflection of NW stu-
dents tending to come from lower socio-economic
groups, and their parents being less likely to have pro-
The estimated, underlying, uncensored distributions of A-level ability in medical school applicants and acceptances are shown for W candidates (red lines and open po n s) and NW candidates (green lines and s lid points)Figure 13
The estimated, underlying, uncensored distributions of A-level ability in medical school applicants and acceptances are shown 
for W candidates (red lines and open points) and NW candidates (green lines and solid points). The leftmost two lines with cir-
cles joined by thick lines show the fitted distribution for the percentages of applicants with particular A-level points, whereas 
the rightmost two solid lines with square points show the fitted distribution for the percentages of entrants with particular 
numbers of A-level points; all four lines use the left-hand ordinate. The dashed, ascending lines use the right-hand ordinate and 
show the fitted proportions of candidates with particular number of A-level points who are accepted, red for W applicants and 
green for NW applicants.
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degree standard, both factors influencing GCSE achieve-
ment, factors which are probably still important in the
cohort of UK children born in 2000 [41]. Noteworthy,
though, in Figure 2, is that ethnicity, despite its clear effect
in a simple analysis, has little effect after other variables
are taken into account, its effects mainly being mediated
via parental variables. It is also important that ethnic
minority students are equally likely to attain 6 or more
grade As at GCSE, suggesting that performance at the top
end of the distribution, at a level which is probably
needed to achieve medical school admission, is equiva-
lent in white and non-white students. The overall differ-
ence in mean GCSE performance, coupled with a wider
variance in non-white students, suggests that differences
in socio-economic and parental educational factors are
mainly responsible for non-white students underperform-
ing. As more non-white students enter higher education
and subsequently have children, that difference is likely to
diminish.
The YCS data also show that there is a very clear relation-
ship between performance at GCSE and subsequent per-
formance at A level (Figure 5), and that the structural form
of the relationship is very similar in W and NW students,
suggesting that GCSEs meet the Cleary test for equivalent
predictive validity [42] B although see Chung-Yan and
Cronshaw for criticisms of the Cleary test [43]. Good
GCSE results therefore should predict good A level results
in a similar way in both W and NW students. Although the
simple correlation between GCSEs and A levels is strong,
with a correlation of about 0.63, it is inevitably an under-
estimate of the true correlation, since measurement error
of the two examinations has not been taken into account,
and neither has the effect of restriction of range (A levels
only being taken by those with better GCSE results). The
true structural (disattenuated) correlation is likely to be of
the order of 0.7 to 0.8, or so.
Because NW students do less well at GCSE, it is therefore
to be expected that on average they are also likely to do
less well at A level, solely on that basis.
ii) Choice of GCSEs, choice of A levels and inappropriate 
aspirations
Although the taking of GCSEs is, in effect, compulsory,
the particular subjects chosen to be taken, as well as their
number, is in part a matter of choice in a decision made
jointly by students, their schools, and their parents. Some
subjects are undoubtedly easier than others [35], and
some students choose, for whatever reason, to take harder
subjects, a decision, as shown in Figure 2, which is influ-
enced by parental education and occupation, and by
schools. At GCSE, there is evidence that students choosing
to take harder subjects in fact perform better, probably
because these students are already higher achievers and
schools, parents, or they themselves, wish them to be
stretched.
Similar considerations apply at A level, although the
choice of A level subjects, and indeed the decision to take
A levels at all, are both made in the light of GCSE grades
already attained. Of particular importance are the results
shown in Figures 3 and 4. It is clear that, for any particular
level of GCSE attainment, NW students are much more
likely to take A levels in general, and science and chemis-
try A levels in particular. Since GCSEs are seen to be pow-
erful predictors of A level attainment, the implication is
that NW students will, on average underperform yet fur-
ther at A level than would be predicted on the basis of
their relatively poorer overall performance at GCSE. That
can be seen in the YCS data, where the mean A level attain-
ment of NW students is significantly less than that in W
students. Inappropriate aspirations are partly involved, as
seen in the significantly higher proportion of NW students
who intend to take A levels but in fact do not do so, those
non-takers also having lower GCSE attainment than those
who do go on to take A levels. Connor et al [21] have
noted that NW students were more likely to cite parental
influence in their educational choices, and that Asian par-
ents aspire to their children having Aprofessional≅
careers, such as in medicine or law, and that this may in
part explain the increased proportion of Asians studying
medicine.
iii). Poorer NW A level attainment in the pool of UCAS 
applicants
The majority of applicants with reasonable A levels cur-
rently apply to university (as can be inferred from Figure
7), and there are other similarities between the YCS and
UCAS data, which suggest that the data sets are equivalent
in many ways. In particular, it is important to note that in
the YCS data, and using measures of effect size, the NW
students performed 0.141 SDs below the W students, and
in the UCAS data the NW students performed 0.140 SDs
below the white students (see Figure 7), showing the data-
sets are very similar in the effects they are finding, with the
advantage that the UCAS dataset is extremely large, and
has information on the small minority of students who
apply to and are accepted by medical school.
iv). The A level achievement of applicants and acceptances 
at medical school
Figures 9 and 10 make very clear that medical school
applicants, and particularly medical school acceptances,
are a very highly selected academic elite from amongst the
entire pool of those applying to university, the modal A
level attainment being at the maximum possible score of
three As at A level. Despite that, it is also clear, a) that
medical acceptances have higher attainment than thosePage 19 of 23
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ances, the NW candidates have significantly lower levels
of achievement than the W candidates. The mechanisms
for that in applicants cannot be explored directly, but it is
likely that differential aspirations are involved. Likewise,
the reasons for the difference in those accepted cannot be
analysed further, but it might, for instance, be argued that
extenuating circumstances are more likely to be important
in NW students than W students, and hence they are
admitted with somewhat lower achievement than W stu-
dents. However, that explanation is not compatible with
the clear finding, in the selection functions shown in Fig-
ure 13b, that selection for non-white applicants is stricter
than for white applicants, the 50% point of the logistic
function being at 26 points for W applicants and 30
points for NW applicants. Similar differences have been
reported previously, in a study of selection for UK medical
schools in 1996 and 1997 [44], the likelihood of a medi-
cal school offer being lower for NW applicants at all levels
of A level achievement.
It is harder for NW applicants to enter medical school,
even when they achieve equivalent A level grades to W
applicants, although the net result of selection is that the
A level distributions of White and non-white entrants are
much more similar than in applicants. Nevertheless, W
acceptances still have significantly higher A level grades
than do NW, although the effect size is relatively small
(but see below for further discussion).
v) Selection from groups of different mean levels of ability
The mean A level achievement of NW university appli-
cants and entrants is lower than that of W students, for
whatever reason (see Figures 7, 8, 9, 10, 11, 12, 13). That
fact alone means that in a fair selection system in which
all individuals of whatever group who are over some crit-
ical threshold are accepted, the mean achievement of
those selected from the group with the lower average per-
formance, will also be significantly lower than in the
higher achieving group. As an example, consider the
entire distribution of candidates in Figure 9 who have
taken A level Chemistry and hence can be considered as in
the > real pool = of potential medical students. Simply
select all of those who have 26 or more points at A level
i.e. grades of ABB or better. Altogether, 25.0% of those tak-
ing A level chemistry are NW (compared with the 14.4%
of UCAS applicants overall who are NW). However, only
23.0% of those meeting the 26 point criterion are NW,
compared with 27.0% of those in the W group, an odds
ratio of 1.235 (equivalent to an effect size of -.117). More
crucially, amongst those selected on the 26-point crite-
rion, and despite the extreme narrowness of the range of
A levels selected (only 26, 28 or 30 points), the mean
score of the W students (28.67, SD = 1.61) is higher than
the mean score of the NW students (28.53, SD = 1.64), a
highly significant difference (t = 8.390, p < .001, effect size
= -0.090). Of particular interest is that 54.6% of the 37752
W students had the maximum 30 points, whereas only
50.1% of the 11294 NW students had 30 points (p < .001;
odds ratio = 1.198, effect size = -0.100). To some extent
that difference in entry qualifications is likely to perpetu-
ate itself as students continue through their education,
particularly given that A levels have been shown to be con-
tinuing predictors of undergraduate and postgraduate
medical school performance [28,29].
Effect sizes
Throughout this paper we have presented differences in
attainment of white and non-white students in terms of
standard effect sizes, with d being the difference between
the groups in terms of standard deviations of the white
students (the larger group). Perhaps the most interesting
result concerns acceptances at medical school, where, in
Tables 5 and 6, effect sizes have been calculated in four
different ways, giving values of B.186, B.114, B.068 and
B.047, with a mean of -.10, or one tenth of a standard
deviation, which can be generally regarded as a small
effect (although it is much larger than some of the very
small effects found in therapeutically important clinical
trials of new drugs [45]). The effect is a little smaller, albeit
broadly similar, to the overall effects found at GCSE
(B.151) and A level (B.141) in the YCS, and at A level in
the UCAS data for all applicants (B.140), for applicants
taking chemistry (B.151), although it is substantially
lower than in medical school applicants (B.282). There
seems therefore no doubt that the under-attainment of
NW students applying to university, be it for medicine or
in general, is part of a broader pattern of under-attain-
ment throughout pre-school education, compulsory and
post-compulsory education, perhaps exaggerated at A
level by greater educational aspirations in NW students.
However, and it is an important > however =, the effect
found in medical school acceptances of about B.10 is sub-
stantially smaller than the effect found in undergraduate
and postgraduate medical examinations of about B.32. It
seems unlikely, therefore, that the earlier underachieve-
ment of NW students at GCSE and A level alone can
entirely explain the poorer performance of NW students at
doctors at medical school and beyond. Nevertheless, the
difference is still likely to explain some of the effects
found. If NW students come from a normal distribution
with an effect size of -.10 relative to the W students, then
it can be expected that amongst those performing 1 SD
below the white mean there will be 17% more NW stu-
dents, and amongst those 2SDs below the white mean,
there will be 27% more NW students (so that if about 5%
of W students were failing, then about 6.2% of NW stu-
dents would be likely to fail, a 23% excess, with about 5
NW failures for every 4 W failures).Page 20 of 23
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There seems little doubt that A levels are still the major
component of selection in most medical schools, with
typical requirements being AAA, AAB or occasionally ABB
[46]. Most schools however also say that suitable person-
ality, motivation, experience and other factors are also
necessary. Although A levels are clearly important, it can
be seen in Figure 13 that success is not guaranteed, even
for white applicants with grades of AAA (of whom only
88% were accepted in the UCAS data). Although it is
tempting to believe that this reflects medical schools using
other criteria for selection, that conclusion is far from
secure. In particular it should be remembered that most
applicants to medical school are applying pre-A level, and
hence offers and rejections are made not on A levels
attained, but on GCSEs attained, and teachers = estimates
of A levels that are likely to be gained. If a medical school
believes, for whatever reason, that a candidate will not
attain their likely offer (say, AAB), then they may well
reject a candidate, particularly since it is a particular prob-
lem for a school to have more rather than less candidates
achieving their offers, schools being legally bound to
accept all applicants who meet their entry requirements
but also having strict government quotas on the numbers
of medical students who can be accepted. Subsequently
such candidates may well achieve grades of AAA but in the
absence of an offer they cannot at that time gain a place
(although they may gain one in the next year). The result,
even in the absence of selection on the basis of personal-
ity, or whatever, would be that not all AAA candidates
would be accepted. The UCAS data do not allow these
possibilities to be distinguished.
The implications of differences in educational attainment of ethnic 
minority students
Although NW students have been selected on similar cri-
teria to W students, they not only have lower educational
attainment than W students, but the population from
which they are drawn, the pool of all NW medical school
applicants, has lower educational attainment than those
in the pool of all W medical school applicants. As a result,
and using the estimated parameters of the censored nor-
mal distributions provided in table 6, while the mean
score of W acceptances is 0.43 standard deviations from
the mean of W medical school applicants, the mean score
of W acceptances is 0.88 standard deviations above the
mean of NW medical school applicants. In such a situa-
tion there is likely to be differential regression to the
mean, with NW applicants performing less well than W
applicants.
Other factors contributing to underperformance of NW students and 
doctors
Although this study has identified a small but real effect of
educational background which is likely to mean that
some NW medical students and doctors underperform in
examinations, it clearly cannot account for the entire
effect found in earlier studies. What other factors also
account for the underperformance is still very unclear.
NW students may have somewhat different motivations
[47], but it is not clear as yet if these differences predict
outcome. Differences in learning style and a range of other
factors have been looked at previously [9], and typically
any differences do not account for differences in W and
NW examination performance. Further studies are needed
of this phenomenon, which provides a serious challenge
to the discipline of medical education.
Conclusion
Non-white medical students have somewhat lower A level
grades than white medical students, the effect size being
about -0.10 standard deviations, which is similar, if a little
smaller, than the relative underperformance of non-white
students at GCSE and A level. Although the effect is relia-
ble, it is substantially smaller than the relatively large
effect size found in undergraduate and postgraduate med-
ical education, of about -0.32 standard deviations,
although it probably contributes something to that effect.
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Supplementary table 1: Ethnicity breakdown in YCS and UCAS data.
YCS - Sweep 1
UCAS: All
applicants,
2003-5
UCAS: UK
nationals aged
under 21 with 3 or
4 A-levels, 2003-5
UCAS: UK
medical school
applicants aged
under 21 with 3 or
4 A-levels, 2003-5
UCAS: UK medical
school entrants aged
under 21 with 3 or 4
A-levels, 2003-5
White (including English, Irish,
Scottish, Welsh, British, etc) 11273 (86.4%) 965647 (65.0%) 443038 (83.8%) 14875 (63.7%) 9747 (68.5%)
Black - total 313 (2.4%) 58790 (4.0%) 10464 (2.0%) 861 (3.7%) 341 (2.4%)
Caribbean 120 (0.9%) 16104 (1.1%) 3291 (0.6%) 89 (0.4%) 33 (0.2%)
African 120 (0.9%) 38634 (2.6%) 6416 (1.2%) 721 (3.1%) 287 (2.0%)
Black - other 72 (0.6%) 4052 (0.3%) 757 (0.2%) 51 (0.2%) 21 (0.2%)
Asian - total 992 (7.6%) 120472 (8.1%) 41700 (7.9%) 5414 (23.2%) 2925 (20.5%)
Indian 355 (2.7%) 49883 (3.4%) 22886 (4.3%) 2504 (11.7%) 1485 (10.4%)
Pakistani 329 (2.5%) 33462 (2.3%) 9846 (1.9%) 1411 (6.0%) 642 (4.5%)
Bangladeshi 128 (1.0%) 10494 (0.7%) 3433 (0.6%) 345 (1.5%) 158 (1.1%)
Chinese 72 (0.6%) 4069 (0.3%) 1917 (0.4%) 381 (1.6%) 120 (0.8%)
Asian - Other 108 (0.8%) 14636 (1.0%) 5535 (1.0%) 1154 (4.9%) 640 (4.5%)
Mixed Race 127 (1.0%) 29196 (2.0%) 12743 (2.4%) 790 (3.4%) 452 (3.2%)
Other 29 (0.2%) 11228 (0.8%) 3723 (0.7%) 467 (2.0%) 239 (1.7%)
Not answered 315 (2.4%) 82599 (5.6%) 11391 (2.2%) 375 (1.6%) 186 (1.3%)
Not answered (Overseas) –
UCAS only - 216718 (14.6%) - - -
Total 13049 (100.0%) 1484650 (100%) 528691 (100.0%) 23356 (100.0%) 14238 (100.0%)
